INTRODUCTION

UVOD
Growing population is followed by increasing demand for energy and chemical products and fossil fuel resources are not inexhaustible and their prices are increasing. Consequently, more attention is focused on wood as renewable raw material and its chemical components that lead to fuel. Pyrolysis technology has been investigated actively and has spread all over the world, to be utilized in bio-fuel production (Gardner and Schultz, 1985) .
Wood is a natural polymer and a biological material having porous structure. Wood, like any other biological material, will be damaged by specifi c deteriorating agents. The most important deteriorating agents that cause irreparable losses to the wood of standing trees and logs are fungi (Hosoya et al., 2006) .
Pyrolysis is a process in which materials are decomposed under heating condition in the presence of inert gas (without oxygen) or in the presence of an amount of controllable oxygen. Depending on the wood as raw material, the chemical products obtained from wood pyrolysis are turpentine, acetone, phenol, acetic acid, wood tar, syringol, resorsinol, etc (Faix et al., 1988) .
High-resolution capillary columns in GC system have been used as a very effi cient method in the analysis of organic complex compounds such as products obtained from wood pyrolysis, oil derivatives cracking, and also chemical and extractive materials as a complex mixture (Faix et al., 1988) .
Pyrolysis compounds of white oak and lobbly pine woods determined by GC/MS technique have included lignin products such as guaiacol, 4-methyl guaiacol, 4-vinyl guaiacol, coniferaldehyde, coniferylaldehyde, vanillin, and also some products like guaiacol, 2-6-dimethoxy phenol, 4-methyl-2-6-methoxy phenol, syringaldehyde, and synapaldehyde (Dobele et al., 2007) . Lignin, compared to other compounds in wood, is the most resistant. The highest rate of weight loss for lignin of milled spruce, beech and bamboo wood was obtained between 360 to 407 °C (Obst, 1983; Tiilikkala et al., 2010) .
Separation and identifi cation of compounds in common walnut (Juglans regia) wood pyrolytic oils in a fi xed bed reactor and in nitrogen atmosphere at 350 °C was done using GC/MS, where 10 compounds were identifi ed, and most of them were related to levoglucosan and α-L-galactopyranose that accounted for 49 %. These compounds were obtained by pyrolysis of cellulose and hemicellulose of wood structure (Schultz and Nicholas, 1977) . Glycolaldehyde is not detectable in normal conditions and when GC is injected with pyrolytic wood, it was converted into other compounds; this compound was identifi ed using silylation of oil compounds by N,O-bis (TMS) trifl uoroacetamide (BSTFA); this method was introduced as one of the most appropriate techniques to investigate compounds obtained from wood pyrolysis (Hosoya et al., 2006) . This work was conducted to investigate the efficiency of pyrolysis method in wood conversion into important chemical compounds with signifi cant added value, especially using decayed wood that are not usable in other applications. Research reports on pyrolysis of decayed beech wood is not extensive in the literature and since the decayed wood in forests is the most important source of contamination in forest standing trees, it would be economically feasible to fi nd any application for decayed wood pyrolysis products and oil compounds.
MATERIAL AND METHODS
MATERIJAL I METODE
Preparation of samples
Priprema uzoraka
Beech wood (Fagus orientalis L.) samples were cut from a log harvested from Klardasht in the North of Iran. An unseasoned one meter long log was selected from a tree butt. The log averaged 500 mm in diameter. After being transferred to the laboratory, 1000×300×30 mm lumber was cut in the tangential direction of the log, and the moisture content (MC) was measured gravimetrically. The lumber was seasoned at 60 % relative humidity and 21 ºC for 24 days to reach equilibrium moisture content. Then, some lumber was chosen randomly and decay samples were cut from this section. The dry test beech blocks (50×25×15 mm) were extracted using ethanol/ toluene (1:2. v/v) mixture for 6-8 h. Then the extracted samples were dried at 60 ± 5 ºC to constant weight and the weight was determined.
Decay test 2.2. Test truljenja
In order to carry out the wood resistance test, white rot (Trametes versicolor) fungus was chosen as one of the three fungi sources to evaluate the natural resistance of wood. It was chosen according to BS 838:1961 standard test method. This fungus is considered fatal for hardwood species because it uses both cellulose and lignin (Farsi and Mirshokraei, 2011) .
Samples were autoclaved at 120 ºC for 15 min and exposed to T. versicolor in Petri dishes containing 3 % malt extract agar, pre-inoculated 1 week prior to the test. Samples were supported on sterile plastic mesh, and incubated at 25 ºC and 65 % relative humidity for 14 weeks. At 14-week intervals, six beech samples were removed. Mycelium was removed from their surfaces and oven-dried to constant weight. The weight losses (WL) of individual samples were calculated according to Kolleschale method. The following Equation (1) was used for the calculation;
(1)
Where a and b denote the oven dry weight of specimen prior to and after exposure to fungus, respectively.
After 14 weeks, some of the decayed samples were milled to produce wood fl our. Decayed wood fl our (DWF) was screened using a shaker prior to pyrolysis and chemical composition tests.
Measurement of chemical compounds 2.3. Mjerenje kemijskih spojeva
Measurement of chemical compounds of decayed wood fl our (DWF) and undecayed wood fl our (UDWF) was done according to relevant TAPPI standard test methods as follow: cellulose, T 264 om-88; extractives, T 207 om-97; Klason lignin, T 222 om-98; ash, T 211 om-93.
Determination of pyrolysis temperature 2.4. Određivanje temperature pirolize
A TGA-PL (Perkin Elmer, United Kingdom) microbalance from Iran Polymer and Petrochemical Research Institute was used for thermo-gravimetric tests. The DWF samples were heated from room temperature to 500 ºC, under a nitrogen fl ow of 150 mL/min and heating rate of 10 ºC/min. Milled samples of approximately 10 mg were used. All tests were carried out twice to ensure reproducibility, and the average of two tests was reported.
Pyrolysis tests 2.5. Postupak pirolize
The pyrolysis test operating conditions were as follow: the total pressure inside the fi xed-bed reactor was lower than 0.4 kPa, the fi nal pyrolysis temperature was 500 ºC and the heating rate was 10 ºC/min. The reactor has a steel cylinder with an internal diameter of 6 cm and a height of 21 cm. During the experiments, the heating rate and pyrolysis temperature were controlled with a PID (Proportional-IntegralDerivative) controller. The temperature was measured every minute in the reactor using a type K thermocouple. In the pyrolysis experiment, a sample was weighed and placed into the reactor, which was heated by an electric furnace. There were three step delays in heating; the fi rst step was at 300 ºC, the second step at 400 ºC and the third at 500 ºC. In each step of pyrolysis, the temperature was held constant for at least 15 min. Pyrolysis temperature is known to infl uence pyrolysis yield. In pyrolysis studies found in literature, the pyrolytic oil reached a maximum value at 400-600 °C (Heo et A 100 ml pyrolysis oil sample was mixed with 100 ml N, O-bis (trimethylsilyl) trifl uoroacetamide (BSTFA, Merck, Darmstadt, Germany), and 1 ml diethyl ether was then added. The sample was then left for at least two hours (reaction time) at 70 ºC in the water bath prior to the analysis of GC/MS. Analyses were conducted with a GC (HP 6890) equipped with a quadrupole mass selective detector (HP-5973series) (Agilent Technologies, Belgium). For all the analyses, the El electron energy was 70 ev and the ion source temperature 250 ºC. The sample was analyzed with a 30 m × 0.25 μm capillary column (HP-SMS), and the injector temperature was 70 ºC. The time-temperature program for the samples was 3 minutes at 60 ºC, then the temperature was increased to 250 ºC at 6 ºC/min, then to 280 ºC at 20 ºC/min, and it was fi nally held at 280 ºC for 3 min. As observed in thermo gravimetric curves of decayed and control (undecayed) beech wood pyrolysis samples (Figure 1a, b) , thermal decomposition of cellulose and lignin started at 325 ºC and 440 ºC, respectively.
RESULTS AND DISCUSSION
The TGA and DTG curves of the decayed and undecayed beech wood samples are shown in Figure  1a , b. The maximum peak temperature of decayed beech wood was 325 °C and for undecyed wood 352 °C, which resulted in one or two prominent peaks that corresponded to the decomposition of hemicellulose and cellulose. Lignin decomposition was reached at 600 °C. The DTG curves revealed that the weight loss of undecayed samples started at 228 and continued up to 600 °C, while for decayed samples it started at 211 and continued up to 600 °C. Furthermore, increased weight loss was observed in decayed wood, resulting in increased volatile matters.
The results of experiments on the determination of pyrolysis temperature, time and products are summarized in Table 1 .
It can be seen that the decayed wood had the highest yields of gas and tar, 26.2 % and 62.5 %, respectively, and undecayed wood 18.3 % and 58.2 %, respectively. On the other hand, the charcoal yield was lower in decayed wood (11.3 %) in comparison to undecayed wood (23.5 %).
Analysis of chemical compounds 3.3. Analiza kemijskih spojeva
The chemical components of the wood infl uence its application in the production of pyrolysis products. Each component produces different products with different properties and application. Therefore, the chemical composition of both decayed and uncedayed beech wood samples are determined and summarized in Table 2 .
It was reported that thermal decomposition of hemicelluloses occurs at temperatures ranging from 150 to 350 °C, while cellulose decomposes in the range of 275 to 350 °C (Hindi et al., 2010) and lignin gradually decomposes at temperatures between 250 and 500 °C (Essabir et al., 2013) . The initial degradation between 50 and 200 °C, obtained for decayed and undecayed beech wood, refers to the losses of volatile compounds and water.
The results indicate that the decayed wood contains more extractives (4.33 %) than the undecayed wood. In addition, both cellulose and lignin decreased in decayed wood (53.33 % and 28.5 %), which was expected as this fungus has a negative effect on these compounds.
Analysis of GC/MS spectrums 3.4. GC/MS analiza spektra
In order to separate and identify the oils obtained from pyrolysis of decayed beech wood, the oil was injected into GC/MS device after purifi cation and derivation by BSTFA at 500 ºC.
According to Table 3 , tetracosamethyl-cyclododecasiloxane (5.50 %), tetradecamethyl-hexasiloxane (4.85 %), 2,6-dimethoxy-phenol (syringol) (4.21 %), and benzene acetic acid (3.16 %) were the main oil components present in decayed beech wood after pyrolysis at 500 °C. Table 3 also presents the chemical components in undecayed beech wood after pyrolysis at 500 °C, where the main components are 2,6-dimethoxy-phenol or syringol (14.86 %), 2,6-dimethoxy-4-(2-propenyl)-phenol or methoxyeugenol (6.59 %), naphthalene (4.41 %), 2-methoxy-phenol or o-guaiacol (3.60 %), 2-methoxy-4-(1-propenyl)-phenol or isoeugenol (3.17 %), and 2-methoxy-4-methyl-phenol or 4-methylguaiacol (3.08 %).
The main chemical compounds obtained at this temperature are related to phenols and phenyls, derived from thermal degradation of lignin (Faix and (Faix and Jakab, 1988) . Zandersons et al. (1999) reported that polysaccharides are degraded at low temperatures.
The bio-oils obtained from control and decayed wood, analyzed by GC/MS, were widely different. The determined products are divided into the following seven categories: aldehydes, acids, alcohols, ketones, benzenes phenols and alkanes. The analysis of decayed wood bio-oils indicated that the main wood components derived from these compounds, such as phenols, aldehydes and alcohols, were lower. Phenols were the most important compounds; phenols accounted for 10.65 % of the total peak areas detected in decayed wood bio-oil, while 33.18 % of the total peak areas were detected in control wood bio-oil. The identifi ed products were similar to literature data on the chemical composition of bio-oils (Chum and Black, 1990 
CONCLUSIONS 4. ZAKLJUČAK
In this work, decayed and undecayed beech woods were pyrolyzed at the temperature of 500 °C to produce bio-oils. The effects of decay on the yield and composition of pyrolysis products were investigated. The main conclusions of this work are as follows:
• Decayed wood showed the highest yield of gas and tar, in comparison with the undecayed wood, while the charcoal yield was lower in decayed wood.
• The results of the GC/MS analysis showed that biooils from decayed and undecayed wood contain various chemical compounds such as phenol and guaiacol.
• It should be pointed out that pyrolysis technique is an appropriate way to extract valuable chemicals from decayed and undecayed wood.
